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+ Mediator searches: dijets, trigger, ISR
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- SUSY: EW searches

Not discussed: BSM Higgs decays, long lived,
hadronic V'V resonances... and lots more

=x Nl

oz
T =) o
2 §a P2

Standard particles SUSY particles
credit: CERN


http://astro.wsu.edu/worthey/astro/html/lec-darkmatter.html
http://www.symmetrymagazine.org/article/april-2013/naturalness

Collider dark matter search methods B.Carlson 3

Z>....<

e.g., di-jet

mediator—SM

Direct mediator searches:
dijet (dilepton) resonances

Details, see DM working
group recommendations:
arXiv 1703.05703

q X q > »
q>....<X %<)—<

% X
q
e.g.,”Z'
Look for stable dark matter objects

candidate by requiring that the

system recoil against a visible “x” e

Pr = 150 GeV
MET = 150 GeV

I

Photon

Weak bosons
(W/Z)

Higgs boson

Heavy flavors


https://arxiv.org/pdf/1703.05703.pdf

Search for the mediator: dijet resonances

B. Carlson 4

Among the highest dijet mass event recorded: mjj = 8.12 TeV

pr=3.79TeV|]
i

pr = 3.79 TeV
(/ ) » \\ S %

Y ZGY PN W g

7 ﬂ ﬁ 9 I ¥/ : - ¥ “,/ /,/// - N \ § b

I ﬁlmf ,fW w//?‘/{’; i#i’f; NN\ #H/7, AN\ !

e e L
| II‘ JELE e '

i
244413 % LA . .
“ W b/ NN\ \ 475 A Hadronic calorimeter
/SEX \ §§& EM calorimeter Z&aY @8 &)ikf’ ey energy
/ N\
N
N - — = . 7; ¢
£\ \ \ A \ N S = 2 //;’/ e
(% A e Y
\\ o E s

ool

A AR

EXPERIMENT
Run: 305777

Event: 4144227629
2016-08-08 08:51:15 CEST

Direct mediator search:
dijet events

Transverse view

Phys. Rev. D 96, 052004



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-21/

Mediator via dijet

B. Carlson 5

— Data scouting: save jets computed in trigger Offline analysis on triggered events:
“No” bandwidth limit — lower mass reach Full offline event — best jet resolution
x\’&\%
12.9 6™ (13 TeV) _6@@0

%‘ 10°E- CMS + Data 3 CMS: PLB 769, (2017) 520 ATLAS: Phys. Rev. D 96, 052004
t 5: — Fit < % ' N III|'''''"''|'''"''''|"""'''|"'"""|""""'|"”””¥
L m - ATLAS -
ﬁ e e 99 (0.75 TeV) S 10 s=13 TeV, 37.0 fb =
= 104 0 Se e 1.20 TeV I= - o Data =
c 10 = ag ( ) § 10° Background fit =
X, b -+--qq (1.60 TeV) 111 e — BumpHunter interval -
10% = = .- g, m_=40TeV =
CMS: Data scouting -8 § o = __g__ g*’ 23* =5.0 Tgv -
102 3 E
ATLAS: Trigger e, 10° & s —
level analysis 10 - = =
B g 10° - =
1L- Wide Calo-jets .- = =
= T T e 10 q° ox10 =
- 0.45<m, <2.04 TeV ‘,’ ., = p-value = 0.63 =
107 Il <25, 1Anl < 1.3 . 1= Fit Range: 1.1 - 8.2 TeV —
- P L N B B B B 0 y - <06 =
=|E : 810 S12N1f1CANCE - Tl
L 'g 5 2 —=
© (2 2 OF =
© |3 5 -2F- . —
all- _ | | R e e R RN EERE NS AR JES Uncertainty it
N—" D _g__ _________ .................. .................. .................. .................... %’%Og;_‘Data B 1 TI I" ]
06 08 1 12 14 16 18 2 °-0-5r,M(,j, ! |.|||+H| ,,,,,,,,,,,, o
ATLAS: ATLAS-CONF-2016-030 Dijet mass [TeV] 2 3 4 5 6 7 89
CMS: PLB 769, (2017) 520 m; [TeV]

CMS: PRL 117 (2016) 31802

detector g&tis. - A |
- mg HLT trigger

reduced data

full data buffer

e trigger jets


https://ac.els-cdn.com/S0370269317301028/1-s2.0-S0370269317301028-main.pdf?_tid=28c852c6-a1f7-11e7-85cd-00000aacb362&acdnat=1506347037_3be9e7c23cf62be00e459f93b18ec65b
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-21/

Mediator boosted by ISR: resolved B.Carlon 6

Q ATLAS-CONF-2016-070
q . .
ISR gly / Add an ISR jet(y), boost the mediator
7 7 ~© AR=2mz High-pr final state for trigger
Pr
ISR: jet, pTr > 350 GeV ISR: ¥y pr> 150 GeV
7’ reconstruction: resolved R = 0.4 7’ reconstruction: resolved R = 0.4
%) — ' ' 1 ® R ' ' ' AL ]
S [ X+j(P >430GeV) ATLAS Preliminary 4 § [ X+v (P, >150GeV) ATLAS Preliminary -
L [ ly,1<06 's=13 TeV, 15.5 fb™ 1 O ool Wie1<08 's=13 TeV, 15.5 b B
Data = . Data =
10° = . — =
- _ —— Background fit ] _ _ —— Background fit ]
. OO e —— BumpHunter interval - B . —— BumpHunter interval
- ] 10° =
“E QR ; SN I z
= ISR jet .. 1 ... ISRjety _
- --0-- Z' (gq = 0.30), m, = 350 GeV, o x 50 = E --o--2' (gq = 0.30), m, = 350 GeV, o x50 E
4| p-value =0.6 B | p-value = 0.67 |
10 — Fit Range: 303 - 611 GeV ; 10° =~ Fit Range: 169 - 1493 GeV
S Oi_—-_-—-_'—_-—'—; S og ;
52F | | = 5 | - E
@ 400 500 600 ® 200 300 400 500 1000
dijet mass m; [GeV: dijet mass m; [GeV.

mz: 170-1500 GeV


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-070/

-

ISR g

Qe
Z,

AR =2mpz
Pr

Use standard substructure techniques

(new method for decorrelation)

J. Dolen et al. (arXiV:1603.00027)

Initial distribution

Events

v

Soft drop mass

Main background: QCD
- Estimated by inverting N»!:PPT then fitting

Mediator boosted by ISR: substructure

At high pt, decay products merged

Utilize substructure techniques

Substructure references:

B. Carlson 7

PRL 119 (2017) 111802
EXO-17-001

I. Moult et al. (arXiv: 1609.07483), A. Larkoski et al. (arXiv:1402.2657)

+  Soft drop mass: groomed to remove contamination
- Z’: 2-prong, QCD: 1-prong — N»!
- N,I.PPT: designed to not sculpt msp for QCD

Events / 5 GeV

Data/Prediction

Trigger: Hr or R = 0.8 jet w/ mass cut
Z’ reconstruction: (substructure) soft drop

8000

7000

6000

5000

4000

3000

2000

1000

35.9fb™" (13 TeV)

CMS ¢ Data

—— Total SM pred.
- Multijet pred.
Bl Z'(qa), 9 =017,

i
it

W(aq)+ets

--- Z(gq)+jets

-.=+ Single-t/t{(qq)+jets
mz'=1 35 GeV

p_: 600-700 GeV
]

P I Ll I
s e
.,.Qa-ea#a.....:_.;.:,s.g..g#.:azzzﬁa::a#9:z:#:;!:#:s::5*;::;:Q;::a.t:.:..:¢:a.:;§... S e W ¢ + . + + X J5 e o ¥ *a+ LI ++ § +
60 80 100 120 140 160 180 200 22C
Mgy (GeV)

Soft drop mass



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.119.111802
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-17-001/index.html

Summary of dijet searches B. Carlson

EXO0-17-001 35.9fb' (13 TeV)
_O- 1 B | | | | | | | | | | | | | | | ]
C? - CMS .-| | i
(@) B o mi . Latest results ATLAS K
- | 95% CL upper limits ey Fines J
— | —— Observed L .
S 045 T =il L
'® 0.3 + 1 std. deviation : ST
& + 2 std. deviation =
02k SO e ) _
0.1 - N Yex S UA2 [13]
R v AR T CDF Run 1 [18]
- M Ve CDF Run 2 [19] -
B ATLAS 8 TeV, 20.3 fb' [22] )
0.04 - CMS 8 TeV, 18.8 fb™' [34] .
B —— CMS 13 TeV, 12.9 fb™' [35]
0.03 Z width (indirect) [72]
O 02 ] ] ] ] ] ] ] ]

T >
1000 3 TeV
Z' mass (GeV)

| | 1 1
50 100 200 300

Best constraints for Mz < 250 GeV
from substructure techniques


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-17-001/index.html

Search for DM “X”: Mono-jet B Carlson 9

Run: 302393 | r ' "1
Extreme signature: /

Event: 738941529
One high-pr jet recoiling against “nothing”

- ATLAS-CONF-060

LW FaTLAS

Ll EXPERIMENT
AL

2016-06-20 07:26:47 CEST

Hadronic calorimeter
energy

\
\
W\
|
EM calorimeter - = [ [ IR
energy P = L4 | I
e £ NI ) , /
- 4
rid

Jet recoiling

M E T against invisible
- (XX)

— MET= 1735 GeV y N

Transverse view



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-060/

Mono-jet

MET > 250 GeV
- Easy to trigger

. = 10’
- Kills QCD — 3 6
(in addition to 2 10
A$(i, MET) > 0.4) 210
Lepton veto kills b
»  Top (mostly) Z
- Wofv
Blue background: Signal DM ,

£ is not reconstructed Signal SUSY

multijets + ncb

10~

Data / SM

o
(o

Mono-photon:
CMS EXO-16-039
ATLAS Eur. Phys. J. C. (2017) 393

B. Carlson 10

CMS: JHEP 07 (2017) 014, EXO-16-048 ATLAS-CONF-2017-060

AL DL L B
ATLAS Preliminary
Is =13 TeV, 36.1 fb
Signal Region

pr(i1) > 250 GeV
MET > 250 GeV

1 I 1 1 1 1 I 1 1 1 1 I 1 1 1
Data 2015+2016

B Z(— wv) +jets
I W(— Iv) +jets
Z(— Il) + jets
B it + single top
B Dibosons

multijets + ncb

m(b, %)°) = (500, 495) GeV
(m_ . M__)= (400, 1000) GeV
ADD, n=4, M_=6400 GeV

—h
N

Dominant backgrounds: W—¥v (lost lepton) and Z—vv


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-060/
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-16-037/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-16-048/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-16-039/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-32/

Mono-jet background estimation B. Carlson 1

Estimate from CRs using simultaneous fit
. Wofv More CR stats:

e 7_5pPP Use W—¥v to constrain Z—vv

W—2v constraint motivated by branching fractions

+ x10 more W—+¥v than Z—4¥

- Requires detailed calculation on correlations between W and Z
+ Calculated at NNLO, J. Lindert et al. (arX1iv: 1705.04664)

; 5 II""I""I'.".'IIIII rprrrrTr T T T ; 4=_IIIIIIIIIII.II.IIIIII —
& 10 E ATLAS Preliminary e Data 201542016 & 10 = ATLAS  Preliminary e Data 2015+2016 =
< ) ..‘Q — —_ -1 SO\ _
g ot 5 =13TeV, 36.1 b » Standard Model £ \ —_‘E =13 TeV, 36.1 b <<= Standard Model B
2 W(— uv) Control Region i > 10° = Z(—>uu) Control Region B Z(— vv) + jets =
@ o e B Z(~ vv) + jets ) = b (11)>250 GeV, E™>250 GeV - =
= L F P.(i1)>250 GeV, ET*>250 GeV B W(— h) + jets b = pU1)> eV, E "> e B W(— bv) +jets s
gp 10 1000 evt. mmm z(— 1) +jets I 100 evt. B Z(— 1) +jets ]
3 B tt + single top = B tt + single top =
S 10 B Dibosons = B Dibosons n
i O(10x) E
more W -
1 =
than Z -
10™ =
=
? 1.1 =12
g 1 5 1
DO'9:.|....|....|....|....|....|....|....|....|....— 808,,,,,,...
300 400 500 600 700 80O 900 1000 1100 1200 300 400 500 600 700 800 900 1000 1100 1200
ET™° [GeV] ET* [GeV]
Systematic uncertainties O(1000) Z—vv

Jet energy scale (resolution): 0.5-5.0%
Theory: 0.5-2.0%


https://arxiv.org/abs/1705.04664

DM exclusions summary

DM Mass [TeV]

—
\©)
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/
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DM Simplified Model Ex
SR Y B 7

clusions
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ATLAS Preliminary July 2017
i T 77 7] = Dijet

%%ig tor, Dirac DM

2 25 3

Mediator Mass [TeV]
July 2017, http://cern.ch/Atlas/GROUPS/PHY SICS/CombinedSummaryPlots/

EXOTICS/ATLAS_DarkMatter_Summary

Vs=13TeV, 37.0fb™
arXiv:1703.09127 [hep-ex]

— Dijet 8 TeV

Vs=8Tev,203f" =1200

Phys. Rev. D. 91 052007 (20

— Dijet TLA

Vs =13 TeV, 3.4 b’
ATLAS-CONF-2016-030

— Dijet + ISR

Ys=13TeV, 155fb™
ATLAS-CONF-2016-070

— E?ISS_I__Y
Ys=13TeV, 36.1 b

Eur. Phys. J. C 77 (2017) 39¢

- E?'Ss+jet
Ys =13 TeV, 36.1 fb™
ATLAS-CONF-2017-060

— —MiSS
Er +Z
Ys =13 TeV, 36.1 fb™
ATLAS-CONF-2017-040

Vertical bands: covered by dijet searches (top right cartoon)

Triangular region: covered by mono-X (lower right cartoon)

Note: Discussed dijets, clean dilepton sensitive if g > 0.

Complimentary sensitivity (see backup)

>

[
©)
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EXO-17-001 35.9 fo'' (13 TeV)

1400 - | cms | ! Exclusion at 95% CL E_:
C . + —— Observed j B
- Vector mediator l _____ Expected ]
- Dirac fermion DM i Boosted diiet j.’ 7]
L Iom = 1.0 ___ Resolved dijet ;" -
1000— g, =025 : (129 167 (35] /[ }
8001 Scouting .~
600 (ISR) A
. | I i /]
400 5 E/
- | .
200 ! : .
O: | 1 L1 | 1 | ; 1 1 1 | |§ a

10? 10°
Mg (GEV)

o"
slope =12 .~

¥ region
” excluded

mono-Z.

mediator is -~ mediator
off-shell - is on-shell

mmed

mono-jet

—— mono-photon


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-17-001/index.html

Squarks & gluinos
N\ e
) i ‘i" X1

v

Gluino Top squark ¢
pp — 909, 9 —=tt X0  Moriond 2017
';' 2000 __I | T T 1 | T 1 | T 1 | T 1 | T 1 | L | T T I__
8 B CMS Preliminary 35.9 fbT (13 TeV) A
Hof 800" _sus-16-033, 0-lep (HT™) E
= 1600E. —SUS-16-036, 0-lep (Mr,) B
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1200 SUS-16-041, =3-lep _
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800 R
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4001~ —
u ATLAS run 1 Improved reach n
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N W FE -
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« Often high multiplicity events (jets, lepton)
+  Compare with DM where usually just X

Status: May 2017

i L =0 2 ~0 = ~0 = ~0
t.t, production, t,— b f f X, /t—c X, /t— Wb X4 /t—t X4 revised September 2017

';‘ [T T 11 | I'T T | I'TT1 | I'T T | T 11 | I'T T | I'T T | I'TT1 | I'T T | 1
8 700— ATLAS Preliminary Ys=13 TeV —
= [ BTt g‘: IT>Wb ;(3 OL 36.1 fb' [CONF-2017-020] B
E°I><F [ Tt A= Wb [T bifE 1L 36.1 fo™' [CONF-2017-037] 7
600— WMT-t% /T-Wb% /T-bify, 2L 36.1 fo' [CONF-2017-034] —
- BTk Monojet 3.2 fb™' [1604.07773] -
[ {s=8TeV,20fb" Run 1 [1506.08616] |
500— —
| = Observed limits ===-= Expected limits All limits at 95% CL ]
: [/Q , /7 é\é ) ’ ) ’ :
400— —
— \ p—
L ) N _
— QO’} \\ p—
- '&0 f-,-\@ ‘\‘ -
300 — iy ]
Compressed . V- e T|" ]
200 ' \ Lo
:/ 4 Improved reach | A
s due to V's Lo
100 B " Run 1 ; | : "
" . exclusion % ( L
_I (| \I ] | I | I | | I | ] I" ] | | | ] (| 'l ] \]_
0

200 300 400 500 600 700 800 900 1000

m; [GeV]

Some difficult holes in compressed regions,
M(top squark) - M(top) < 5 GeV



Compressed SUSY with mono-jet

ISR jet

Sensitivity to compressed region from

500

400

300

200

100

mono-jet

Status: May 2017

revised September 2017
J.III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IJ_

. ATLAS Preliminary Vs=13 TeV

[ Tt T woy 0L 36.1 fb"' [CONF-2017-020]
T t7 T Wb /T bif7 1L 36.1 fb™! [CONF-2017-037]
Bt~ t% /T Wby /T-bffy 2L 36.1 fb”' [CONF-2017-034]
Monojet 3.2 fo™! [1604.07773]
Run 1[1506.08616]

T, production, T— b 1'%, /T> ¢ % /T~ Wb 7 /T~ t %]

~ -0
Et—c %,

—— {s=8TeV, 20 fb™

—— Observed limits ===~ Expected@limits All limits at 95% CL

L
[S

N &3 ]

bty Al /]

:/ W ’)z % \; ) ' ‘\:

_I 1 14 | 1 | | 1111 | | | 1111 | | I“ | | 1111 | | | I| | \]_
200 300 400 500 600 700 800 900 1000

m; [GeV]

Also sensitive to squarks and sbottoms

B. Carlson 14

Boost the system with a hard ISR jet
- Invisible decay products would otherwise be too soft
- Improves sensitivity for compressed scenarios

(mass splitting small)

ﬂi production, 3[}% 05(?

ATLAS-CONF-2017-060

[ T I | I I I I | I I I I | I I I I I_
- ATLAS Preliminary Vs=13TeV, 36.1fo" 1
— All limits at 95% CL -
~ —— ATLAS (s=13 TeV, 3.2 fo ]
Co . SUSsY _
- T Observed limit (£10,, ... ) Qo .
I . ] X ’," —
E 71 Expected limit (1 6,) L@/;‘E:;;;,;s E
- Expected limit £2 o, “\\;;{:" ]
— @N -
- 'o' Q —
- Excluded s ]
- QA ]
2
N RN N
WA .
oy ,"' | | | | | | | ]
300 400 500 600
stop mass m: [GeV]
1




SUSY searches also look for DM B. Carlson
£ +jets + MET

15

P
+ Significant sensitivity improvement
X (yellow band on exclusion curve )
p - 13 SR optimized signal regions
3
Dedicated bin optimized for DM
ATLAS-CONF-2017-037
> AL L Y I ) B P 8 _| T T T T T T T T T T
o 12— ATLAS Prellmmary -e-Data ~Total SM ] 7 . 5| —e— Observed 95% CL ATLAS Preliminary B
© - {s=13TeV, 36.1 10" 0L F1L 1 210 Expected 95% CL s=13TeV,L =36.1fb" =
(@) DM I D - — = - int .
O 10_— ow [ISingletop [JW+jets | © | ] Expec';eg :;0 ]
~ N > : - 1 T» F xpected =2 o .
£ gf MiDboson  EHV 1 & 4el.. —— Theory unc. on a(g=1.0) -
g B ] S - Pseudoscalar -
1] N — - m(:x)=(20,1) GeV,g=1 | E - fi+a, a— xx ]
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- [ 1 m @) 10 = * . E
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O II|IIII|IIII|IIII|IIII|IIII|II \\\\\\ | ]
150200250300350400450500550600 1011 ] o
(MET,?) transverse mass| my; [GeV] 10 10° 10°
m, [GeV]
pr(e) or pr(pn) > 5 GeV or 4 GeV
MET > 320 GeV

Njets > 4


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-037/

EW SUSY B. Carlson 16

ATLAS-CONF-2017-039

One example of EW SUSY (left) decays to W(Z)
« Target leptons + MET Sensitivity to other
- 2 leptons: same sign, opposite sign diagrams...

« >3 leptons

EW SUSY production

Three leptons
£ =c¢e,u, pr(¥) > 10 GeV
At least one opposite sign pair: 4 o
81 <M(¥¥) <102 GeV

~t 0 ~0 4 ~0
R W (=) Z (=T

> ' L A L T
[6)) _ 500 [T T T T T T T T T T r———rrrrrrr T T
Dat > - | | - -
(85 105=E ATLAS Preliminary o Tgteelll M jz 8 450 = ATLAS Preliminary Observed limit E
% 10* -;— Vs=13TeV, 36.1 fb” Wv —;. KX 400 E (s=13TeV,361f07 Expected limit (1 o) E
I [— El\i’ggs 3 E - ATLAS 8 TeV arXiv:1403.5294 =
10" g~ SRSWz0Jabe Reducibl E 350 E
. (M ,m )=(500,100) GeV J = E
vE Three MET bing " (T ™2/=(450,180) GeV 75 00 E 5
g 1 X0 E
E 200 & =
10_1 ig . EEmEm e LLLL L PP 150 é_ \\\\\‘ _;
— = 100 \ —
. = = \ =
(\6 // 7 O - | | | ||| | | | | | | | | | | | -
g 1 2 4
S %/ /// /‘% 00 00 300 00 500 600 70(

m_./m_. [GeV]
150 200 250 300 X %

MET = ETmlss EM*° [GeV]



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-039/

EW SUSY: HH

H

EW SUSY production, decays to H (Z)

B. Carlson

CMS: SUS-16-044
CMS: SUS-16-039

17

HZ — leptonic searches
(similar to last slide)

NSLP L’
b . ...... @LSP HH + MET search
EE— + Trigger: MET
p X "%;'\ ¢ - Highest Br: H—bb, 4 b-jets
H - MET > 150 GeV

EW SUSY production in GMSB

Combinatorics from 4 jets, pick
the one that minimizes Am = |mu-mmuz|

CMS 35.9fb" (13 TeV)
> B I I I I I I I I | I I I I | I I I I
O 25 ¢Data [JV+jets TChiHH(225,1) ]
O I gaco @Single t ~TChiHH(400,1) -
o o0l Wtt+X JOther TChiHH(700,1) |
PR
-'GED I : :
0 151
w
10f
5f | | :
.15 + |
=10 :
B el il g
0-5 | ! | _
| | | | | | | | | | | : | | | |
0 50 100 150 200
_ my, +my, | (M [GeV]

X° (%) ~ mass degenerate (but large enough to be prompt)
X" gets a cross section boost

CMS , 35.9 fb (13 TeV)
e N S A BRSO

E ] Senne ™ pp — XU AVA) + Xior— HHGG + X 3
10 - & 2 65% vpected Mg =~ My= =~ Mge, Mg = 1 GeV _|

\ BR(’)Z%—> ZG)=0.5 | == NLO+NLL theory = s.d. ]
10° 5 BR(%,—> HG)=0.5 - =
10? ;— my 1_1ne

[ Excluded

B H(Z) 1.0
10E

- ‘ Excluded

e | | H(H) |
200 400 600 800 1000

Higgsino mass mg, [GeV]

Turn on coupling to Z (blue line):
better sensitivity at low mass


http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-16-044/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-16-039/index.html

Hidden SUSY: low MET B.Carlson 18

MC/Model

‘ i{ Some models trade MET for multiplicity
- o WY v - R-parity violation, stealth SUSY
« New general ATLAS € + jets search
o _El/_L_ B %? (XI_L) ’S“ (’i Partially in response to J. Evans, Y. Kats, D. Shih, M. Strassler JHEP 1407 (2014) 101
R-Parity violation ¢ ¢ Stealth SUSY Non-exhaustive list of SUSY searches without MET
. . . ATLAS searches CMS searches
Background estimate: Poisson scaling ATLAS-CONF-2017-036 Phys. Lett. B 743 (2015) 503
1 . . ATLAS-CONF-2017-025 Phys. Lett. B 770 (2017) 257
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Started with two general guiding principles
+ Dark matter

- Naturalness

Discussed searches for both SUSY and Exotics

SUPERSYMMETRY

o rotational veldcitv
oo [kmis) : , iRl
: : - measured- -

\ ﬂ
Higasino

Standard particles SUSY particles
credit: CERN

a <2
(S Nefef=.

et 50000 “ . 100000
1 en ' % ™ 8o =
- distance from center (light years)

+ Searching for SUSY and exotics can have a significant overlap


http://astro.wsu.edu/worthey/astro/html/lec-darkmatter.html
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Among the highest dijet mass event recorded: mjj = 7.7 TeV
pr=3.4TeV

—
—
pr=3.6 TeV
S
Direct mediator search:
From August 2016, [CDS: 2203615]

dijet events

CMS Experiment at the LHC, CERN
Data recorded: 2016-May-11 21:40:47.974592 GMT
Run / Event / LS: 273158 / 238962455 / 150
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- Also look at angular variables for each mjj bin (right)
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9 orders of magnitude!
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PLB 769, (2017) 520
PRL 117 (2016) 31802



https://ac.els-cdn.com/S0370269317301028/1-s2.0-S0370269317301028-main.pdf?_tid=28c852c6-a1f7-11e7-85cd-00000aacb362&acdnat=1506347037_3be9e7c23cf62be00e459f93b18ec65b
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.117.031802

ATLAS TLA details

m|-||_'|' / moffllne

Validation of HLT jets with respect to offline

jets.

Jet energy scale, comparing the JES 1n the
HLT vs. offline

Fractional JES uncertainty

B. Carlson 24
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10 12.9 b (13 TeV)
-Q lllﬂl?'l’vllllllllIIIIIIIIIIIIIIIIIII
& gt Lot sh.  CMS  95% CL limits

< \ quark-quark —— Observed

X 10 | === Expected + 1 s.d.

Expected + 2 s.d.

. Axiguon/colorc;r'i‘-.\.“*-.., -
— — Scalar diquark TN
- W

10 —72
-~ DM mediator

\l
lIllllllllllllllllllllllll1l llIll

-5
0" "2 "3 4 5 6 7
Resonance mass [TeV]



https://ac.els-cdn.com/S0370269317301028/1-s2.0-S0370269317301028-main.pdf?_tid=28c852c6-a1f7-11e7-85cd-00000aacb362&acdnat=1506347037_3be9e7c23cf62be00e459f93b18ec65b

Soft drop: background estimate B. Carlson
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p-value for bkg. only fit B. Carlson
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.119.111802
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-17-001/index.html

CMS DM summary
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.119.111802
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-17-001/index.html

Mediator via ISR photon + resonance
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Dark matter summary B. Carlson 30
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Mono-jet background estimation

dN/dET™ [Events/GeV]

dN/dET"® [Events/GeV]

B. Carlson
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Mono-jet sbottom sensitivity B. Carlson 32

ISR jet boosts SUSY decay
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-060/

Dilepton searches

B. Carlson 33

Dial down the coupling to quarks, turn up the coupling to leptons
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-05/

Comparison of dijet and dilepton searches

DM Mass [TeV]

1o DM Simplified Model Exclusions ATLAS Preliminary July 2017
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DM Simplified Model Exclusions
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Mono-Higgs
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Mono-Higgs

CMS bb and yy: EXO-16-012
ATLAS H — bb: EXOT-2016-25
ATLAS H — yy: HIGG-2016-18
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http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-16-012/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-25/
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Mono-Higgs interpretation B Carlson 36
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CMS:SUS-16-039
L Could also couple to Z(W) ATLAS: ATLAS-CONF-2017-039
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